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of easy-to-make and affordable solution this has disadvantage 
of requiring more parts which make the kit more expensive.  
Also the kit could become too complex to understand for 
beginners and the home building of this kind of device could 
have doubtful effectiveness. It could be easier (and in the end 
cheaper) to buy a professional programmer or development kit. 
For the above reasons we chose programming via In-System-
Programming (ISP) interface for the first kit. This kind of 
programming interface has the disadvantage of requiring 
special cable and computer with parallel or serial port. This is a 
problem especially with laptops, which now often have only 
USB ports. The simple solution of using USB to serial 
converter did not work for the ISP programmer communication 
on neither of several converters we used, probably due to the 
fact that the converter does not emulate all the functionality of a 
hardware serial port. Because of this, the first generation kit 
could only be used on computers with serial or parallel port, 
which proved to be a major limitation to students. To remove 
this limitation we chose a different approach for the second 
generation of the kit. It is now programmed via bootloader in 
the MCU which communicates with the PC via serial line. 
Unlike the ISP programming this communication uses the serial 
port in a standard way and there is no problem with USB to 
serial converters. So the new kit can be connected to any laptop 
using any cheap USB to serial converter. The disadvantage of 
this design is the fact, that the MCU has to have the bootloader 
programmed before it can be used in the kit. The bootloader can 
be loaded into the MCU either at school or by some friend who 
has a programmer for AVR MCUs. In total this limitation 
seems easier to overcome that the requirement for a hardware 
serial port.  

 
3. KIT DESCRIPTION 

 
For our kit we use Atmel AVR microcontroller Mega8, but it 
can be simply replaced by pin-compatible Mega168 or 
Mega328 which have more memory. The MCU is clocked by 
internal oscillator, eliminating the need for a crystal.  
The schematic of the kit is depicted in figure 1. Besides the 
socket for MCU there is integrated voltage regulator 7805 to 
obtain 5V for powering the kit, level converter MAX232 for 
connecting the TTL logic levels of the MCU serial interface to 
the serial port on PC; then 2 LEDs and 2 push switches to allow 
some inputs/outputs for the MCU. A trim is used to generate 
variable voltage input for experiments with A/D converter. It 
should be noted that the peripherals are not connected directly 
to the MCU, but to a DIP8 socket. The MCU pins are made 
available using sockets also. This way any peripheral can be 
connected to any pin of the MCU using a piece of wire. 
 

 
Fig. 1.  Schematics of the kit 

For loading program into the MCU a bootloader is used. It is 
custom version of bootloader published in (Isa, 2010). To put 
the MCU into programming mode, the pin PD4 must be tied to 
ground when the MCU is powered up. The bootloader is then 
ready to receive new program. This is achieved by holding 
down a push switch and signalled by LED. The bootloader 
occupies only 512 words of memory, so there is still plenty of 
space for user programs. The program is sent into the MCU 
using avrdude program, which is part of the installation of AVR 
Studio. The program can be started from command line as 
follows: 
avrdude -p m8 -c avr109 -b 4800 -P com1 -U program.hex 
The m8 is the type of the MCU, in our case Mega8. For 
Mega168 it is m168 etc.  
The –b option specifies the communication speed, here 4800 bd 
and the com1 is the serial port used for the communication. The 
program.hex is the filename of the hex file which contains the 
program to be programmed into the MCU memory. It is 
possible to create a simple .bat file containing this command 
and execute it from the command line to flash the program into 
MCU after building the project in AVR Studio.  
To program the bootloader into a new MCU, some programmer 
is required, for example the ISP programmer for parallel port as 
used in the first version of the kit. The fuses can be then set to 
that the bootloader is protected from overwriting so the student 
may experiment with the kit without worries. 
 
4. CONCLUSION 
 

This paper presents very simple learning kit for students of 
microcontroller programming courses. It is a second generation 
of the kit, improved over the first one by new MCU and 
different way of connection with PC which allows using it on 
computers without serial or parallel port. The purpose of this kit 
is to allow students experimenting with their own MCU 
applications. It is not intended to be the main development 
platform for learning MCU programming - for this the school is 
equipped with professional learning kits. This development kit 
may be considered tool for home projects. It provides starting 
point which is guaranteed to work and opens the way for 
student’s own designs. The purpose of this project is to show 
the way of applying microcontroller in a real application and 
allow easy way of programming it. In future tutorials and 
sample applications for the kit should be created to provide 
better starting conditions for student’s projects.   
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